Journal of Institute of Control, Robotics and Systems (2012) 18(6):526-531

http://dx.doi.org/10.5302/J.1ICROS.2012.18.6.526

ISSN:1976-5622  eISSN:2233-4335

Hx| Mo ¢naES ol A xa
2 ATAN E7| HET|o

gxE =

%A o

O
—

Speed Control of a Permanent Magnet Synchronous Motor for
Steering System Using Fuzzy Algorithm
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Abstract: This paper, we describe the vector control of surface mounted PMSM (Permanent Magnet Synchronous Motor) using
the fuzzy controller which is suggested algorithm. In these days, when vehicle is operated or not, whether the road is covered
or not, the sensitivity of the steering column is not stable. To make up for it, the PI gain of a steering column controller is
adjusted by experience. It becomes the price because it need a lot of sensor. Also it is difficult to implement robust control
because we need a lot of parameters for variable road conditions which are the off road, the on road, a low battery voltage, a
high battery voltage, a vehicle speed. In this paper, we propose fuzzy controller using the suggested algorithm which suitable
for steering system. We test the fuzzy controller with the various condition. We get the good performance of fuzzy controller
even if it is nonlinear system. We check a robust the fuzzy controller using the suggested algorithm.
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Fig. 1. The speed control block diagram of PMSM.
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Fig. 2. The bolck diagram of fuzzy controller.
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Fig. 3. The membership function of input/output.
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Fig. 4. The control block diagram of PMSM.
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Fig. 5. The picture of motor and motor controller.
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Table 2. The specification of test system.
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Table 3. The PMSM specification.

Dynamometer Max Torque 10Nm
DSP6001 Max Speed 100,000rpm
(Magrtol) Accuracy Speed 0.1%
POWER Input AC 220V

Output DC 0 ~ 50V
SUPPLY

2] 9] IR} % Max Current Max 100A

(RLZF2A) - -

Ripple Noise Max 1.5%

MOTOR Input Voltage 10V ~ 40V
CONTROLLER Output Voltage Max 100V
(XE] A7) Output Current Max 150A
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Rated Speed 1100 + 100 rpm
Rated Torque SNm
Max Speed @50% Torque = 1400 rpm
No Load Current < 3 Arms
Cogging Torque < 0.007 Nm
Average Loss Torque <0.02 Nm
Torque Ripple =< 0.15
Insulation = 10MQ
Torque Constant 58 mNm/A
Pole / Slot 6/9
Resister (line to line) 13.6mQ2
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e Nol No2 No3
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(a) The speed response curve when the load is 1 N.
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(b) The speed response curve when the load is 2 N.
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(c) The speed response curve when the load is 3 N.
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Fig. 8. The speed response curve.
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Table 4. The test result when the load is 1N.
IN Nol No2 No3
QHGE/RIHFE
=17(RPM) 1132 1078 1159
QHFENRIYFE 3 5 6
HAE(%)

AZA THms) 1245 700 595
<5 A1 ZHms) 264 - -
2373 L XK %) 0.37 0.36 0.39
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Table 5. The test result when the load is 2N.
2N Nol No2 No3
SHFENRIYRE
=17](RPM) 1132 1074 1214
SHFENRIYRE 3 5 1
HAIE(%)
2R ZH(ms) 1250 1365 720
<A1 7Hms) 261 - -
A7) 2 2H%) 0.36 0.43 0.45
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Table 6. The test result when the load is 3N.
3N Nol No2 No3
SHFENRIYGE
Z17](RPM) 1132 1069 1260
SHFENRIYRE
AAE (%) 3 2 15
2 7H(ms) 1245 1600 800
A1 ZHms) 250 - -
A2 @ 2H%) 0.37 0.45 0.41
gt AAE = Aol oAHTh FATH AMEH ¢uFEFS
o] 83t HA| Aoj7]9] 7% Fs} WEol ug Exo] Ao
72 2 FHHEE F7T 3k Fote 43 EAAS 4
T Utk X 4, 5, 62 AIHH AL Eoe] HEH HA

Aol71e) 4F ATE vEhd Aolth

AP )

o]

b e
s a2+ glonE, sy
42 WY, A Aol
alginh Agte
3 wEo

12 oo
R
ACh
alx
o
9
%
S
o
N
2
2
N
o

ol

12
OB

(1]

9

0o
02

ila]

faEs

D. H. Ban, Y. T. Kim, S. S. Kim, and B. H. Wang,
“Anti-pinch algorithm for sunroof system using fuzzy
logic,” International symposium on Advanced Intelligent
System, vol. 6, no. 5, pp. 130-137, 2005.

J. W. Jung and T, Y, Kim, “Design of a fuzzy speed
controller for a permanent magnet synchronous motor,”
The of Korea Institute of Electrical
Engineers, vol. 59, no. 10, pp. 1797-1802, Oct. 2010.
J.S. Yu, S. M. Hwang, C. Y. Won, and S. H. Kim,
“Vector control of a permanent magnet synchronous
The
Transactions of Korean Institute of Power Electronics,
vol. 10, no. 6, pp. 534-542, Dec. 2005.

D. H. Son, D. W. Choi, M. S. Kim, B. K. Kim, and Y.
H. Cho, “Vector control of PMSM using low resolution
hall effect sensor,” The 41 stKIEE Summer Conference
2010, pp. 884-885, 2010.

S. H Kim, “DC and AC motor control,” Bukdu Books,
Korea, 1993.

J. H Sul and Y. D. Lim, “A study on the position
of DC

£

Transations

motor for elevators using fuzzy controller,”

control servo motor usign a fuzzy neural

network,” Journal of Fuzzy Logic and Intelligent
Systems, vol. 7, no. 5, pp. 51-59, Dec. 1997.
D. Y. Yoon and S. C. Hong,

permanent

“Speed control of

magnet synchronous motor using space

voltage vector PWM,” The Transactions of Korean
Institute of Power Electronics, vol. 43, mno. 7, pp.
1112-1120, Jul. 1994.

J. W. Jung, Y. S. Choi, and D. Y. Yu, “Design and
stability analysis of a fuzzy observer-based fuzzy speed
PM The
Transactions of Korean Institute of Power Electronics,
vol. 16, no. 1, pp. 1-10, Oct. 2011.

Y. S. Choi, D. Y. Yu, and J. W. Jung, “Robust speed

control of a permanent magnet synchronous motor using

controller for a synchronous  motor,”

a fuzzy logic controller,” The Transactions of Korean
Institute of Power Electronics, vol. S, pp.
343-351, Oct. 2010.

I. C. Bail, K. H Kim, and M. J. Youn, “Design and

DSP-based implementation of robust nonlinear speed

15, no.

control of permanent magnet synchronous motor,” The
Transactions of Korean Institute of Power Electronics,
vol. 4, no. 1, pp. 1-12, Feb. 1999.

J. W. Jung, Y. S. Choi, and D. Y. Yu, “Fuzzy logic
speed control of a surface-mounted permanent magnet
synchronous motor,” Jowrnal of Korean Institute of
Hlluminating and Electrical Installation Engineer, vol. 24,
no. 12, pp. 184-192, Dec. 2010.



(12]

(13]

(14]

[15]

(16]

(17]

HX MO Zn2lsS

oE

r&"

E

0

N

G. X. Zhou, D. H. Lee, and J. W. Ahm, “A fuzzy
logical optimal efficiency control of permanent magnet
synchronous motor,” The transactions of Korean Institute
of Electrical Engineers, pp. 97-99, May 2007.

I. HO Kim, D. S. Choi, and Y. L. Son, “Design of a
surface-mounted ~ PMSM

uncertainty

current  controller  using
a pi The
Transactions of Korean Institute of Electrical Engineers,
vol. 60, no. 5, pp. 1011-1016, May 2011.

J. W. Jung and T. H. Kim, “Speed control of permanent

estimation  with observer,”

magnet synchronous motors using an adaptive controller,”
The Transactions of Korean Institute of Electrical
Engineers, vol. 60, no. 5, pp. 977-983, May 2011.

D. H. Son, M. S. Kim, D. W. Choi, and Y. H. Cho,
“Vector control of monorail PMSM traction motor using
the hall-effect sensor,” Proc. 2010 Spring Conf.
KIEEME, pp. 1366-1370, 2010.

J. B. Son, H. R. Kim, Y. S. Seo, and J. M. Leg,
“PMSM sensorless speed control using a high speed
Journal of Institute of Control
Robotics and Systems (in Korean), vol.
256-263, Mar. 2010.

J. O. Lee, S. 1. Han, . W. Han, S. 1. Lee, and J. M.
Lee, “Attitude and direction control of the unicycle robot
using fuzzy-sliding mode control,” Journal of Institute of
Control Robotics and Systems (in Korean), vol. 18, no.
3, pp. 275-284, Mar. 2010.

sliding mode observer,”

16, no. 3, pp.

ax8

el

HED|9) RN 531
5 &

1999 Fold] MAFe} &%, 2005
Akt Ainiehd ALk 2006
G~dA] Folstn Al wA}
4. 2001~ A S&TMotiv 7|&AF
2 AdATY. TaRole HAo|E
2 34 EMM, ARA o,

4z 2

19980 Folthshal ekl Ak 2003

o oigke uAk 2008 3~3A) Fob
efa AAbg st Ews FEoL
T AAA B 7], HAole
g &8, A=A,

oY E

1987 solhstar thahel whAk 1988

A~ Folista MAEE wd
Toks AsAALH, HExAL,
I3 f 7HE.



